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Letter of Transmittal

To the Congress of the United States:

In compliance with the provisions of the act of March 3, 1915, as
amended, establishing the National Advisory Committee for Aero-
nautics, I transmit herewith the Thirty-fifth Annual Report of the
Committee covering the fiscal year 1949.

Harry S. Truaan.

Tue Wrre House.

JANUARY 16, 1950.






Letter of Submittal

NaTIONAL ADVISORY COMMTITTEE FOR AERONAUTICS,
Washington, D. C., December 16, 1949.

DEear Mg. PresipENT: In compliance with the act of Congress ap-
proved March 3, 1915, as amended (U. S. C. 1948, title 50, sec. 153},
I have the honor to submit herewith the Thirty-fifth Annual Report
of the National Advisory Committee for Aeronautics covering the
fiscal year 1919,

Achievement of flight faster than the speed of sound by American
research airplanes has given a strong stimulus to the design of very
high speed aircraft both in this country and abroad. The Committee
has evidence of increasing international competition in aeronsutical
research and development. The stakes are high. Superior speed in
military aircraft is essential to the success of air attack as well as air
defense. In the age of atomic bombs it appears that no nation can
win a war without control of the air.

During the past year the Committee has directed much of its effort
to solutions of the complex problems of high-speed flight. By the
achievement of successful supersonic flight there was gained for
America a substantial advantage in the race for air leadership. This
gain was made through the coordinated effort of scientists and en-
gineers throughout the country—notably in the aircraft industry,
the military establishment, and NACA—and supported by the work
of educational institutions and other research agencies. The same
teamwork is required to consolidate these gains and to push for-
ward. The Congress has wisely provided for increasing the effec-
tiveness of the team by authorizing the Unitary Wind Tunne] Plan
for establishment of needed facilities for transonic and supersonic
research, development, and evaluation. The Unitary Plan repre-
sents an extension of the teamwork idea initiated by the cooperative
military-industry-NACA research-airplane program that led to
achievement of supersonic flight. In that program forces were joined
to produce research results. In the Unitary Plan the same forces
will be joined to expedite the development and sound evaluation of
practical aireraft capable of the superior performance required to
meet an emergency.

- Respectfully submitted.
JeroyE C. HunNsaxes,
Chairman.
THE PRESIDENT,
The White House, Washington, D. C.
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THIRTY-FIFTH ANNUAL REPORT

OF THE

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WasHINGTON, D. 0., November 17, 1949.

To the Congress of the United States:

In accordance with the act of Congress, approved
March 8, 1915 (U. S. C. title 50, sec. 151), which estab-
lished the National Advisory Committee for Aero-
nautics, the Committee submits its thirty-fifth annual
report for the fiscal year 1949.

In the Committee’s report last year it was stated
that the American achievement of flight faster than
the speed of sound by a special research airplane would
influence our future concept of national security. It
was pointed out that this accomplishment was acting
as a stimulus to the design of very high-speed airplanes
by removing concern relative to the existence of an un-
known sonie barrier. During the past year the effects
of this stimulus have become evident both here and
abroad through supersonic flights by other experimen-
tal airplanes, )

The demonstrated possibility of supersonic flight is
a significant turning point in aircraft performance.
For the future, we must accept the view that flight at
supersonic speeds by practical military airplanes can
be attained by any nation willing to make the effort.
Another nation has apparently achieved success in de-
veloping an atomic explosion. It is logical to assume
that an intensive effort is being made to develop a means
for transporting atomic weapons with as high a degree
of effectiveness as possible and at the same time to pro-
vide defense against invading aircraft armed with
atomic weapons. Superior speed is generally ac-
knowledged to be the most important single element
in successful air attack and in defense against such an
attack. Range also is important. The attainment of
long range at supersonic speeds poses a most difficult
problem.

For America to continue its present supremacy in
the air will require that it develop military aircraft
that can fly faster than sound. This places emphasis
on research and development. As in the case of the
atomic bomb, America cannot expect to enjoy an exclu-
sive advantage. At best it can only plan by vigorous
and timely research to stay ahead of any potential

enemy in the development of aircraft of superior per-

formance.

The Committee feels a sense of urgency in the con-
duct of its broad comprehensive programs of scientific
research in aeronautics, which include the stimulation

92477831 2

and coordination of basic research in scientific and
educational institutions. There is no excuse for a com-
placent attitude. We need to maintain technological
superiority, in order that we may have the most mod-
ern aircraft ag the backbone of American sir power in
being, on whatever basis it may be determined by the
Congress to be necessary to afford a reasonable degree
of security consistent with the national economy.

To explore more rapidly the little-known regions of
transonic and supersonic flight speeds, the cooperative
industry-military-NACA research airplane project,
which commenced with the USAF X~1 and Navy D-558
airplanes, has grown to include more than a half-dozen
airplane types. The scientific information obtained to
date from this flight program has given aeronautics
perhaps the greatest impetus in its history.

Notable during the past year has been the eagerness
of aireraft designers to apply the new knowledge being
obtained from the Committee’s high-speed research pro-
gram. Now that experimental supersonic flight has
been attained, great efforts are being made by the Air
Force and the Navy in fostering the design of opera-
tional transonic and supersonic aircraft. The Com-
mitiee notes with satisfaction a healthy pressure upon
it from the military air servcies and from the air-
craft industry for advanced scientific data. This is the
first occasion in peacetime history that organized re-
search effort has been unable to stockpile scientific
knowledge for future use. The demand is for advanced
scientific knowledge for immediate application.

In the past fiscal year, the Committee placed in opera-
tion the third of its large scale supersonic wind tunnels.
Each of these tunnels is being used to study fundamental
aspects of supersonic aerodynamics and propulsion
problems. Forsome time it has been evident that addi-
tional supersonie facilities are needed for development
and evaluation purposes as well as for research. From
this need has evolved what is known as the “Unitary
Wind Tunnel Plan.” Enabling legislation for this plan
became public law on QOctober 27, 1949.

The history of the Unitary Plan goes back to late
1945 when the military services and the Committee

studied the possibilities of supersonic flight in its effect

on the research, development, and evaluation effort re-
quired to insure leadership of the United States in the
evolution of aireraft and missiles. The conclusions ar-

rived at, including those of the Guided Missiles Com-

mittee of the Joint Chiefs of Staff, concerning their
1
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special wind tunnel requirements, were available at the
April 1946 meeting of the Committee where it was
agreed that the recommendations of all agencies should
be coordinated to eliminate duplication and nonessen-
tial items, and to evolve a single plan for the United
States.

The desired coordmat:on was effected by special
panels of the Committee studying the questions in the
period April 1946 to _January 1947. The resulting
Unitary Plan was approved by the Committee on Janu-
ary 24, 1947, and was forwarded to the Research and
Development Board of the National Military Establish-
ment (then the JRDB) and was approved by the heads
of the armed services. The plan aimed at the fore-
seeable needs of the country in the next 10 years; it
recommended allocation and operating responsibilities
among the Navy, Air Force, and NACA for an in-
tegrated wind tunnel construction program. These
wind tunnels will be available for the use of all inter-
ested agencies and the aircraft industry. Provision
was made for improved research facilities at univer-
sities, not only to perform productive research but also
to assure an output of qualified aerodynamicists to staff
the tunnels contemplated under the Unitary Plan.

Many problems remain to be solved before tactically
useful aircraft capable of sustained supersonic flight
can be produced. The outstanding problems involve &
better understanding of the transonic speed region
through which supersonic aircraft must pass, and the
development of propulsion systems giving higher thrust
for longer periods of time, at increased efficiencies.

In the transonic speed region, an airplame encounters
a mixture of subsonic and supersonic flow. The es-
tablishment of the physical laws governing such mixed
flow will be extremely important. Since the study of
transonic flow in conventional wind tunnels is not pos-
sible, the development of new experimental methods and
facilities is required.

In the past few years the advent of new forms of
propulsion challenged the resourcefulness of the aero-
dynamicist to utilize effectively the high thrusts made
available. The challenge is now somewhat reversed,
and it is necessary that means be found to provide im-
proved propulsive systems for sircraft being designed
for transonic and supersonic flight. Sufficient thrust
is now available for short periods from rocket engines
and jet engines with thrust augmentation arrangements.
Progress is being made toward the development of ade-
quate propulsmn systems having the high efficiency nec-
-essary for flights of reasonable duration. What must
be done is clear, but the problems are exceptionally dif-
ficult and intensive research is required for their solu-
tion.

In addition to the primary problems of high-speed

aerodynamics and propulsion, a considerable effort is
required in the numerous and extensive fields of com-
plementary research that are equally important to the
achievement of useful supersonic flight. Thus, in-
creased emphasis is being given to research on the prob-
lems of aircraft construction including such subjects
as aeroelasticity, aerodynamic and impact loads, struc-
tural efficiency, and materials. Attention is also being
given to research on such operational problems as icing,
fire prevention, atmospheric turbulence, and emergency
escape from high-speed aircraft.

The work of the Committee is in general directed
toward the over-all objective of improving the per-
formance, efficiency, and safety of both civil and mili-
tary aircraft and of discovering and applying new
scientific knowledge essential to continuing American
leadership. The immediate objective is to solve, as
quickly as facilities and personnel permitf, the most
pressing problems attendant on high-speed flight.

A matter of current interest is the application of
turbopropellers and turbojets to transport airerafl.
The British Government; through the Ministry of Sup-
ply, several years ago sponsored the development of
new types of power plants solely for transport use, and
financed the development of several transport aireraft
incorporating these engines. The design and construc-
tion of such airplanes in the United States is dependent
more on finding an acceptable method of financing of
prototypes than on additional research. Successful
commercial use of such eircraft will depend, however,
on research to solve the many operational problems of
high-speed transport airplanes.

There is one factor in the administration of researel
that should not be overlooked. This is the extremeo
pressure which arises, when budgets must be curtailed,
to approve only those research projects which have an
immediate bearing on current development. In the
long run this is & fatal policy. Research naturally leacs
development. If the reverse were attempted, only mi-
nor improvements of existing types would result. Pro-
curement-minded, short-range researell could uever
produce such radical developments as supersonic {light,
atomic power and radar. There is no surer way to
fall behind than to perpetuate the old and forego the
new by thinking only of today’s production and pro-
curement problems.

Parts I, IT, and IIT of this annual report present a
résumé of the scientific activities of the Committee, a
description of the Committee’s organization and mem-
bership, and the financial report for the fiscal year 1949,

Respectfully submitted.

JeroME C. HUNSARER,
Chairman.



Part I—TECHNICAL ACTIVITIES

RESEARCH ORGANIZATION AND PROCEDURES

COMMITTEE LABORATORIES

Research of the National Advisory Committee for
Aeronautics is conducted largely at its three Iabora-
tories—Langley Aeronautical Laboratory, Langley
Field, Va.; Ames Aeronautical Laboratory, Moffett
Field, Calif.; and Lewis Flight Propulsion Laboratory,
Cleveland, Ohio. A subsidiary station is located at
Wallops Island, Va., as a branch of the Langley Lab-
oratory for conducting research on models in flight in
the transonic and supersonic speed ranges. At Muroc
Lake, Calif., is located the NACA High-Speed Flight
Research Station for research on transonic and super-
sonic airplanes in flight. The total numbar of em-
ployees, both technieal and administrative, at these five
stations and headquarters in Washington was 6,938 at
the end of the fiscal year 1949.

TECHNICAL COMMITTEES AND RESEARCH
COORDINATION

In earrying out its function of coordinating aeronau-
tical research the Committee is assisted by 2 group of
technical committees and subcommittees. The members
of these committees are chosen for their particular
knowledge in a specific field of aeronautics. They are
selected from other Government agencies concerned
with aviation including the Department of Defense,
from the aireraft and air transport industries, and from
scientific and educational institutions. These commit-
tees provide for the interchange of ideas and prevention
of research duplication except where parallel efforts are
desired. There are four technical committees under
the National Advisory Committee for Aeronautics:

1. Committee on Aerodynamics.

2. Committee on Power Plants for Ajrcraft.

3. Committee on Aircraft Construction.

4. Committee on Operating Problems.
Each committee is supported by three to eight technical
subcommittees.

In addition to the four technical committees, there is
an Industry Consulting Committee established to assist
the main Committee in formulation of general policy.
Membership of thiz Committee as well as the technical
committees and subcommittees is listed in Part IT of
this report.

Research coordination is further effected through dis-
cussions bet ween Committee technical personnel and the
research staffs of the aviation industry, educational and
scientific organizations, and other aeronautical agencies.
Numerous conferences are held at Committee labora-
tories to examine research being conducted by the
NACA and to see that the proper Government and
private organizations are receiving full benefit from it.
The Research Coordination Office is further assisted by
a west coast representative who maintains close contact
with the aeronautical research and engineering staffs of
that geographical area.

RESEARCH SPONSORED IN SCIENTIFIC AND
EDUCATIONAL INSTITUTIONS

To utilize most effectively the aeronautical research
talents and facilities of the Nation, the NACA sponsors
research in universities and other monprofit scientific
institutions. Through this sponsorship the NACA has
access to a diversity of specialized talent in mathematics,
physics, and engineering, which has contributed much
valuable research in many fields of aeronautical im-
portance. By thus tapping a reservoir of specialized
competence and unique research facilities which would
not otherwise have been brought to bear on pressing
aeronautical problems, it is possible to complement the
research carried on in NACA laboratories. This ac-
tivity has the additional desirable advantage of training
graduate students in practical research techniques.

Transonic aerodynamic research, and investigations
of helicopter characteristics, boundary-layer flow, the
nature of turbulence, and the physical properties of air
under the extreme conditions of very high altitude and
speed have been instituted. The development and eval-
uation of high-temperature alloys and ceramic coat-
ings for turbine blades in gas-turbine power plants are
continuing under NACA. sponsorship, and the proper-
ties of aircraft structures and structural materials, and
the mechanisms of failures in each, are under investiga-
tion in & number of institutions. Problems involving
bearings and lubricants, pressurized cabins, combustion,
and personal aircraft operation are also included in the
projects supported by NACA contracts. These vari-
ous research projects are described in greater detail

3
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under the headings of the committees and subcommittees
concerned.

During this year the NACA has sponsored new re-
search on fundamental aeronautical problems at the
National Bureau of Standards, Brown University, Bat-
telle Memorial Institute, Polytechnic Institute of Brook-
lyn, California Institute of Technology, University of
California, Cornell University, Forest Products Labo-
ratory, Georgia Institute of Technology, Harvard Uni-
versity, Jowa State College, Johns Hopkins Univer-
sity, Massachusetts Institute of Technology, University
of Michigan, University of Minnesota, Mount Wash-
ington Observatory, University of Notre Dame, Ohio
State University, Oregon State College, Princeton Uni-
versity, Stanford University, Syracuse University,
Agricultural and Mechanical College of Texas, and
University of Washington.

RESEARCH INFORMATION

Research results obtained in the Committee’s labora-
tories and through research contracts are distributed
in the form of Committee publications. Formal Re-
ports, printed by the Government Printing Office, con-
tain unclassified information and are available to the
general public from the Superintendent of Documents.
Technical Notes, released by the Committee in limited
numbers, also contain unclassified research results of a
more or less interim nature and are distributed to in-
terested organizations throughout the country. Fre-
quently, research results which will ultimately be pub-

lished in Report form are issued initially as Technical .

Notes in the interest of speedy dissemination of data
to American technical people and organizations.
Translations of foreign material are issued in the form
of Technical Memorandums,

In addition to unclassified publications the Commit-
tee prepares a large number of reports containing clas-
sified research information. For reasons of national
security, these reports are controlled in their circulation.
From time to time the classified reports are examined
to determine whether it is in the national interest-to
declassify them. If it is found desirable to declassify
the reports, they. are then published as unclassified
papers.

Another important means of transmitting quickly
and efficiently the latest information in & particular
field of research directly to designers and engineers
working in that field is the holding of technical con-

ferences from time to time at an appropriate NACA
laboratory., Several conferences of this nature were
held during the past year.,

The Oftice of Aeronautical Intelligence was estab-
lished in 1918 as an integral part of the Commitice’s
activities. Its functions are the collection and classi-
fication of technical knowledge on the subject of areo-
nautics, including the results of research and experi-
mental work conducted in all parts of the world, and
its dissemination to the Department of Defense, air-
craft manufacturers, educational institutions, and other
interested people. American and foreign reports ob-
tained are analyzed, classified, and brought to the
attention of the proper persons through the medium of
public and confidential bulletins.

AERONAUTICAL INVENTIONS

By act of Congress, approved July 2, 1926 (U. S. C.
title 10, sec. 310-r), an Aeronautical Patents and De-
sign Board was established consisting of the Assistant
Secretaries for Air of the Departments of War, Navy,
and Commerce. In accordance with that act as
amended by an act, approved March 3, 1927, the
National Advisory Committee for Aeronautics is
charged with the function of analyzing and reporting
upon the technical merits of aeronautical inventions
and designs submitted to any agency of the Govern-
ment. The Aeronautical Patents and Design Board is
authorized, upon the favorable recommendation of the
Committee, to “determine whether the use of the design
by the Government is desirable or necessary and evalu-
ate the design and fix its worth to the United States in
an amount not to exceed $75,000.”

Recognizing its obligation to the public in this re-
spect the Committee has continued to accord to all
correspondence on such matters full consideration. All
proposals received have been carefully analyzed and
evaluated and the submitters have been advised con-
cerning the probable merits of their suggestions. Many
personal interviews have been granted inventors who
visited the Committee’s offices, and technieal informa-
tion has been supplied when requested.

* L * * *

The following detailed summary of research, com-
pleted during the fiscal year 1949, is organized to reflect
the areas of research over which each technical com-
mittee and related subcommittee have cognizance.
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AERODYNAMIC RESEARCH

Flights of man-carrying aircraft at speeds greater
than the speed of sound have up to the present time
been of very limited duration. Much research remains
to be accomplished to make possible the design of more
practical transonic and supersonic aircraft. TWhile real
progress has been made during the past year in explo-
ration of new ideas in high-speed aerodynamics, con-
siderable effort has also been expended in obtaining
clearer understandings of previous research findings.
In view of the present nature of the problem, the
NACA has undertaken extensive studies of transonic
and supersonic air flows with a view to providing ad-
ditional aerodynamic information required for airplane
and missile design. New and unconventional high-
speed airplane configurations have further dictated that
additional emphasis be placed on studies at subsonic
speeds of take-off and landing characteristics. Studies
of subsonic boundary layers have likewise been ex-
tended to provide a more thorough understanding of
the phenomena as related to the new configurations and
to assist in achieving improvements in performance of
more conventional aircraft flying at subsonic speeds.
Exploratory research on the nature of air flow at very
high supersonic speeds has also been undertaken and
the development of new research equipment for this
purpose is 2lso under way.

It is apparent from the details of the report which
follows that the term “aerodynamic research” has been
applied in a general sense to broad areas of the NACA’s
scientific effort. Accordingly, the scope of the current
activities of the Committee on Aerodynamics includes

consideration of many problems of flight experienced
at subsonic, transonic, and supersonic speeds which are
directly, or in some cases indirectly, related to aerody-
namics. The Committee on Aerodynamics is aided in
its review of this broad field of research by the Subcom-
mittees on Fluid Mechanics, High-Speed Aerodynam-
ies, Stability and Control, Internal Flow, Seaplanes,
Propellers for Aireraft, Helicopters, and the Special
Subcommittee on the Upper Atmosphere. During the
past year a new Subcommittee on Fluid Mechanics was
created to review and coordinate the rapidly expanding
research in this field. The Special Subcommittee on Re-
search Problems of Transonic Aircraft Design, men-
tioned in the previous annual report, was discharged in
view of the completion of its special assignment. The
Subcommittee on High-Speed Aerodynamics was re-
organized in order that it might devote more attention
to the design problems of missiles and airplanes, and
assume the duties previously assigned to the Special
Subeommittee on Research Problems of Transonic Air-
craft Design. Research on air loads, effects of wing
flexibility, dynamic maximum lift, flap effectiveness,
and pressure distribution studies are discussed in the
section “Airframe Construction Research” under activ-
ities of the Subcommittee on Aireraft Loads.

In order to promote early use of the research results,
a technical conference on supersonic aerodynamics was
held early in the fiscal year at the Ames Laboratory,
with representatives of the military services and the air-
craft industry. Some of the Committee’s recent work
in aerodynamies is described in the following sections.

COMMITTEE ON AERODYNAMICS

Airfoils

Because of the need for airfoil data at high Reynolds
numbers the aerodynamic characteristics of a number
of NACA 6-series airfoils, in both smooth and rough
conditions, were determined experimentally at Reynolds
numbers of 15,000,000, 20,000,000, and 25,000,000, and
reported in Technical Note 1773. The investigation
included a systematic study of the effects of airfoil
thickness ratio, thickness distribution, and camber upon
the aerodynamic characteristics of the airfoils at the
different Reynolds numbers. One of the airfoils was
alsostudied with a split flap. A particularly interesting
result was the relatively large increase in the maximum
lift coefficient of the 6-percent-thick sections as the
Reynolds number was increased from 15,000,000 to
25,000,000.

A compilation has been made of data obtained from
tests in the Langley two-dimensional low-turbulence

tunnels of a large number of miscellaneous airfoils.
The airfoils consist of 14 modified or unconventional
NACA 6-series sections and 20 other sections of special
design. The aerodynamic characteristics of these air-
foils extend over a range of Reynolds number from
3,000,000 to 9,000,000,

The accuracy of the method described in Report 824
(“Summary of Airfoil Data”) for rapidly calculating
the increment in the velocity distribution azbout 2 sym-
metrical airfoil due to angle of attack has been inves-
tigated. An analytical study was made of the accuracy
of the method by the use of the exact theory of Theo-

dorsen and Garrick for the potential flow about arbi-.

trary airfoils. The results of the study reported in
Technical Note 1884 show that the method of Report
824 evaluates the effect of angle of attack on the net
velocity at any point of a symmetrical airfoil with s
maximum error that is proportional to the cosine of
the angle of attack.
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A theoretical method has been_studied at the Lewis
Laboratory for calculating the velocity distribution on
arbitrary airfoils in closed subsonic wind tunnels by
conformal mapping. This study is reported in Tech-
nical Note 1899, T '
High-Lift Devices

In an effort to improve the maximum lift and stalling
characteristics of moderately thin airfoils, modifica-
tions of the contour very near the leading edge of an
NACA 63,-012 airfoil section have been investigated in
the Ames 7- by 10-foot wind tunnels. The modifications
included increased leading-edge radii and camber and
several nose flaps with inereased leading-edge radii.
The basic airfoil had a leading-edge radius of 0.0109
chord and stalled abruptly at a lift coefficient of 1.36.
No turbulent separation was evident before the stall
and the stall occurred because of a sudden failure of the
separated Jaminar boundary layer near the leading edge
to reattach to the airfoil surface. Maximum lift was
followed by a large loss'of lift. Increasing the leading-
edge radius increased maximum lift and the angle of
attack for maximum lift; however, the stall remained
abrupt with a large loss of lift beyond the maximum,
The nose flaps and increased camber near the leading
edge in conjunction with an inecreased leading-edge
radius provided additional increases of maximum lift;
however, again a large loss of lift followed. With &
leading-edge radius of 0.085 chord added completely
below the upper surface of the basic airfoil, a maximum
lift coefficient of 1.71 was obtained. Some of the modi-
fications tested initiated turbulent separation near the

trailing edge a2long with the increase of maximum lift;

however, the stall appeared to be controlled by a sudden
failure of the separated laminar boundary layer near
the leading edge to reattach to the airfoil surface.

Results have recently been obtained of tests in the
Langley two-dimensioml low-turbulence tunnels of
leading-edge slats on two airfoils of 9- and 12-percent
thickness to investigate means of improving the maxi-
mum lift and stalling characteristics of thin wings nec-
essary for high-speed flight. The results indicated
that, in combination with a split trailing-edge flap, the
leading-edge slat increased the maximum section lift
coefficient by 0.81 and 0.60 on the 9- and 12-percent-
thick airfoils, respectively. The slats also increased
the angle of stall and caused the stall to become more
gradual.

Although sharp-edged airfoil sections offer consid-
erable promise for application to certain supersonic
aircraft, they have a low maximum lift and a rapid
increase of drag with lift at low speeds. An investiga-
tion of nose and trailing-edge flaps on a modified dou-
ble-wedge section was therefore undertaken in the Ames

7- by 10-foot wind tunnel to evaluate the effects of these
flaps on the aerodynamic characteristics of the section.
The basic airfoil section with flaps undeflected had a
maximum lift coefficient of 0.84, With the trailing-edge
flap deflected 60° and the 0.16-chord nose flap deflected
30°, a maximum lift coefficient of 1.98 was obtained.
Variation of the chord of the nose flap had little effect
on the maximum lift; however, the effect on the angle
of attack for zero lift was rather pronounced. In-
creasing the deflection or the chord of the nose flap
or the deflection of the trailing-edge flap resulted in
more negative pitching moments. Considerable reduc-
tions of drag at high lift coefficients were noted for
suitable combinations of nose-flap and trailing-edge-
flap deflections. The lift coefficient for minimum drag
increased with increasing chord of the nose flap with
the net result that the largest chord flaps provided the
least drag at the highest lift coefficients.
Wings

An exploratory investigation to determine the aero-
dynamic effects of camber on a 60° apex triangular-
wing model has been conducted in the Langley 300-mph
7- by 10-foot tunnel. Camber variation was accom-
plished through the deflection of full-span round-leacd-
ing-edge flaps and 25° beveled-leading-edge flaps on a
flat-sided, triangular-plan-form wing.

A 63° sweptback wing being studied in several of the
facilities of the Ames Laboratory has been investi-
gated in the 7- by 10-foot wind tunnel to evaluate the
effectiveness of various controls and lift-inereasing de-
vices. The results indicate a radical reduction of lon-
gitudinal stability at moderate lift coeflicients for the
basic wing. The reduction of stability was roughly
equivalent to a 50-percent mean-aerodynamic-chord
shift in neutral point. The large reduction of longi-
tudinal stability can be delayed to a higher lift coefli-
cient by incorporating either a full-span nose flap or
drooped nose with a half-span split flap at the trailing
edge and utilizing an elevon for bulance.

The stalling and maximum lift characteristics of
wing plan forms suitable for current high-speed air-
plane designs have required a large amount of research
effort. These characteristics are strongly affected by
Reynolds number. Facilities capable of tests at essen-
tially full-scale Reynolds numbers are required. Re-
sults from the Langley low-turbulence, Langley full-
scale, Langley 19-foot, Ames 40- by 80-foof, and Ames
12-foot tunnels can be used to predict the behavior of
air flow on wings at landing speeds.

A series of swept wings has been designed on the
basis of the analysis presented in Technical Note 1772
to determine at large scale the extent to which eamber
and twist will improve the low-speed characteristics of
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thin sweptback wings. Wings having 45° and 60° of
sweepback and three values of twist and camber have
been investigated in the Ames 40- by 80-foot wind tun-
nel. The results show that even moderate twist and
camber, such as appear suitable for high-speed flight,
will produce marked improvements in the low-speed
characteristics of such wings. It is anticipated that
further refinement will enable full realization of the
theoretical possibilities of these wings which are con-
gsiderably better than those of untwisted, uncambered
swept wings.

An analytical study has been made of the landing-
flare paths of hypothetical airplanes covering a wide
range of maximum lift coefficient, wing loading, and
lift-drag ratio. Generalized charts as well as a step-
by-step method of analysis are presented in Technical
Note 1930 for predicting the power-off landing-flare
characteristics covering the conditions of various types
of high-lift devices. From power-off considerations,
airplanes having very low lift-drag ratios and high
stalling speeds require excessive horizontal landing dis-
tances, high rates of descent, and high altitudes at the
start of the flare maneuver. These landing considera-
tions are expected to have considerable influence on the
ultimate selection of wing configurations for high-speed
airplanes.

The low-speed characteristics of an equilateral tri-
angular wing having 10-percent-thick biconvex sections
have been determined in the Langley full-scale tunnel.
The effects of flaps on the maximum lift coefficient and
on the lift-drag ratio were determined, and an analysis
was made of the corresponding power-off landing char-
acteristics. The effects of a fin on lateral and direc-
tional stability were also determined.

The effects on maximum lift of variations in the span
and deflection of trailing-edge split flaps, operating in
conjunction with a 0.58-span leading-edge flap on a wing
of 42° sweepback and aspect ratio of 4, have been in-
vestigated in the Langley 19-foot pressure tunnel. The
maximum-lift results were evaluated in terms of the
landing characteristics in order to define the optimum
combination of leading-edge and trailing-edge flaps.

An investigation was made in the Langley two-
dimensional low-turbulence pressure tunnel of a semi-
span model of a 42° sweptback wing of aspect ratio 4,
which had previously been tested in a full-span arrange-
ment in the Langley 19-foot pressure tunnel, to obtain
an indication of the validity of the semispan method
of obtaining aerodynamic data in this particular ar-
rangement. This investigation indicates that data ob-
tained from semispan-wing tests may be expected to
be in good agreement with data obtained from full-
span tests of the wing alone except for unusually sensi-
tive configurations, where the lift distribution is such

that small disturbances produced by the tunnel-wall
boundary layer may cause a radical change in the loca-
tion of the original stall or in the manner in which the
stall progresses. '

Boundary-Layer Investigations

Boundary-layer studies. A continued study of the
boundary-layer and stalling characteristics of airfoil
sections in the Ames 7- by 10-foot wind tunnels has
added much to the understanding of the mechanism of
the stall of thin airfoils. It has been shown that there
are, in general, three types of airfoil stall: (1) That
resulting from turbulent separation beginning near the
trailing edge and gradually progressing forward along
the airfoil upper surface as the angle of attack is in-
creased; (2) that resulting from the sudden failure of
a separated boundary layer near the leading edge to re-
attach to the airfoil upper surface at the angle of attack

for maximum [ift; and (3) that resulting from the

separation of flow from the leading edge but reattach-
ing to the airfoil surface at positions progressively
farther downstream as the angle of attack is increased.
The first type of stall appears on relatively thick air-
foil sections and the last type is evident on thin, sharp-
edged sections. The intermediate type appears on sec-
tions of moderate thickness. These types of stall are
found separately or in combination, depending on the
airfoil under consideration.

The results of Technical Note 189+ indicate that for
an NACA 63009 section there was a short region of
separated laminar flow near the leading edge prior to
the attainment of maximum lift. The separated region
decreased in extent as the angle of attack was in-
creased. Maximum lift was attained when the sepa-
rated laminar bouridary layer failed to reattach to the
airfoil surface. Other tests have shown that, with a
modified double-wedge section, 2 form of separation ap-
peared at the leading edge for a very low angle of attack
and the separated region increased in extent as the angle
of attack was increased. The flow over the NACA 63-
009 section for angles of attack greater than that for
maximum lift was similar to the flow over the double-
wedge section for angles of attack less than that for
maximum lift, Tests of an NACA 641006 section
(Technical Note 1923) have indicated that, at an angle
of attack of about 5°, the flow changed abruptly from
a type similar to that for the NACA 63-009 section
before its stall to a type similar to that for the modified
double-wedge section before its stall.

Boundary-layer control. An extensive study of the
use of boundary-layer control as a means of improving
the aerodynamic characteristics of airfoil sections is
under way in the Langley low-turbulence section.

An investigation was made to determine the effective-
ness of boundary-layer control together with relatively
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small deflections of a plain flap as a means of increasing
the lift-drag ratio. The boundary-layer control was
applied through a single suction slot located just be-
hind the hinge line of the plain flap. The airfoil em-
ployed in the two-dimensional investigation was the
NACA 65, 3-418. The results indicate that the maxi-
mum ratio of lift to total drag of finite-span wings
made up entirely of NACA 65, 3418 gairfoil sections
would not be improved by this type of boundary-layer
control if the wings were in the aerodynamically
smooth condition. For the rough surface condition, the
results indicate that the boundary-layer control would
inerease the maximum ratio of 1ift to total drag.

Wing sections suitable for high-speed applications
usually stall abruptly with a large loss of lift at rela-
tively low values of maximum lift because of the failure
of a separated laminar flow near the leading edge to
reattach to the airfoil surface. It has been demon-
strated previously in the Ames 7- by 10-foot wind tun-
nel that a suction slot near the leading edge was effective
in delaying the complete flow separation, and increased
the maximum lift about one-third above that of the
basic section. Turbulent separation occurred at the
trailing edge prior to the attainment of maximum lift;
however, it could not be shown that the stall was en-
tirely the result of turbulent separation. To determine
whether or not the nose slot was capable of holding the
flow on the surface at higher values of lift, a second
suction slot was installed at the midchord of the model
to control the growth of the turbulent boundary layer
over the rear portion of the model. It was found that
the operation of the midchord slot in conjunction with
the nose slot resulted in substantial gains in maximum
lift over that obtained with nose suction alone. The
cause of the stall with combined nose and midchord
suction is uncertain; however, it was demonstrated that
the nose suction slot combined with the midchord slot
was effective at lifts greater than maximum lift with
the nose slot alone.

An exploratory investigation was made at the Lang-
ley Laboratory of boundary-layer control through a
porous leading edge as a means of delaying leading-
edge separation and thus increasing the maximum lift
coefficient. The NACA 614212 airfoil was employed
in the investigation. The results, which are reported in
Technical Note 1741, indicate that the effectiveness of
the boundary-layer contro! in improving the maximum
lift coeflicient is about the same as would be obtained
from a well-designed leading-edge slat.

A study has been undertaken at the Ames 40- by 80-
foot wind tunnel to determine the possible gains result-
ing from the application of boundary-layer control to a
sweptback wing by means of porous suction at the lead-
ing edge in conjunction with circulation control. Pre-
liminary results have established that the porous suction

must be applied over the entire span of the leading edge
and over about 5 percent of the chord. With such con-
trol it was found possible to delay the appearance of
leading-edge separation to at least the exient possible
with leading-edge flaps. With the general requirements
determined from the preliminary tests it is anticipated
that further studies will yield a distribution of leading-
edge suction producing even more favorable results.

The problem of reducing the profile-drag coeflicient
of airfoils by increasing the relative extent of laminar
flow was considered in some detail at the Langley Lab-
oratory. A two-dimensional wind-tunnel investigution
reported in Technical Note 1905 was made of an NACA
64A010 airfoil having a porous surfuce of sintered
bronze to determine the reduction in section drag coeffi-
cient that might be obtained at large Reynolds nwunbers
by the use of continuous boundary-layer suction through
the surfaces of the model. Combined wake and suction
drags lower than the drag of the plain airfoil were
obtained up to Reynolds numbers of 8,000,000. T'he
model surfaces were neither aerodynamically smooth
nor fair, which indicated that the suction had some sta-
bilizing effect on the laminar boundary layer. Net drag
reductions could not be obtauined with this model at
Reynolds numbers higher than 8,000,000,

The study of the application of boundary-Inyer con-
trol to a sweptforward wing has been completed at the
Ames 40- by 80-foot wind tunnel. Satisfuclory leading-
edge flaps were found and boundary-layer control slols
were placed at various chordwise and spanwise positions
on the wing upper surface. The optimum position for
applying boundary-layer control, however, was found
to be a slot placed in the fuselage next to the wing upper
surface and extending a short distance fore and aft of
the hinge line of the nose flap.

In an effort to clarify the present status of research on
boundary-layer control and its possible applications in
geronautics, a survey and evaluation were made of the
results obtained from numerous individual investiga-
tions of various applications of boundary-layer control.

The results of the survey indicate that suflicient in-
formation is not available to permit the practical appli-
cation of some types of boundary-layer control and that
other types do not promise sulficient inereases in air-
plane performance to warrant their use. The applica-
tion of boundary-layer control which appears to offer
the most immediate promise of improved airplane per-
formance is the use of suction to eliminate turbulent
separation over the rear of very thick airfoils. The
prevention of turbulent separation on such airfoils per-
mits their use as root sections of wings having very high
aspect ratio. This application should result in sub-
stantial improvements in lift-drag ratio and range of
long-range relatively slow aircraft.
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Research on the use of multiple slots for the control
of the laminar boundary Inyer has shown in general that
at low Reynolds numbers it is possible to extend the
laminar layer in a region of adverse pressure gradient
practically to the trailing edge of an airfoil with a small
expenditure of power, such that large net drag savings
were realized. Studies are under way in an attempt to
achieve extensive laminar flow at flight values of the
Reynolds numbers.

Research Equipment and Techniques

Nerw wind tunnels. Several new supersonic research
facilities were put into operation during 1940. Among
these facilities were three large supersonic tunnels, the
4 by 4-foot wind tunnel at the Langley Laboratory, the
6- by 6-foot wind tunnel at the Ames Laboratory, and
the 8- by 6-foot wind tunnel at the Lewis Laboratory.
The first two of these tunnels are of the variable-pres-
sure type which permits investigations to be carried out
over a range of Reynolds number. A range of super-
sonic Mach number is provided for in all three tunnels.
In the Langley tunnel, Mach number variation is ac-
complished in fixed increments by means of flexible walls
which are held to the correct shape by means of tem-
plates; the Lewis tunnel utilizes flexible walls which are
continuously adjustable; and the Ames tunnel utilizes
a new type of asymmetric supersonic nozzle which, like
the Lewis arrangement, permits the Mach number of
the tunnel to be varied continuously.

Blow-down tunnel instrumentation. Many wind
tunnels of the blow-down type, in which air is com-
pressed in a Jarge chamber and then released through
the tunnel, are limited to test runs of a very short dura-
tion. Measurements in these tunnels are either of tran-
sient phenomens which are continuously and rapidly
changing or of quantities which attain a steady value
for only a fraction of a second. One of these tunnels
has a steady-state run of approximately 0.02 second
during which measurements can be made. The instru-
mentation included a strein-gage sting balance for
messurement of drag on the model, shadowgraph equip-
ment for obtaining photographs of the rapid develop-
ment of the shock pattern caused by the model, and
controls to synchronize the instruments within the brief
running time,

Wind-tunnel corrections. Inthe Langley full-scale
analysis section several studies have been made of the
problem of corrections for wind-tunnel-wall interfer-
ence on test results. In Technical Note 1748 is given
a general graphical procedure for calculating tunnel-
induced-upwash angles for swept and yawed wings,
both at the wing and at the tail. The required charts
for a number of existing wind tunnels are included in
the paper. In Technical Note 1826 an exhaustive analy-

sis has been made of the wind-tunnel interference in
open wind tunnels with consideration for the effect of
the closed entrance and exit bells. This study was made
primarily in order to determine corrections for heli-
copter tests in the Langley full-scale tunnel, where the
large rotor disk extends so far forward that the presence
of the entrance bell cannot be neglected. The report
discusses the basie phenomena involved, derives methods
for determining the interference, and presents many
calculated results.

Computations have been made in the Langley 7- by
10-foot-tunnels section in which the numerical values
of the calculated boundary-induced-upwash angles nec-
essary for the determination of the jet-boundary cor-
rections for swept reflection-plane models mounted ver-
tically in 7- by 10-foot, closed, rectangular wind tun-
nels have been evaluated. A few calculations made by
using these values of upwash indicated that, for plan
forms having taper ratios of about 14, sweep has es-
sentially no effect on the correction. Except for ex-
treme cases of inverse taper the effect of sweep on the
average induced angle appears to be less than 10 per-
cent for sweep angles up to 60°. The results of this
investigation are presented in Technical Note 1752.

Study of airspeed indicator installations. Calibra-
tions of the static-pressure or “position” errors of the
service airspeed installations of 10 present-day air-
planes are presented in Technical Note 1892. Tests were
conducted fromn speeds near the stall to maximum indi-
cated speeds not exceeding 260 miles per hour. Analy-
sis of the data presented showed that the static-pressure
error for static vents on the rear section of the fuselage
remained approximately constant with angle of attack
and became more negative with flap deflection. The
static-pressure errors for the wing, fuselage-nose, and
vertical-tail installations became more negative with in-
creasing angle of attack and more positive with flap
deflection ; the effect of engine power for these installa-
tions followed no consistent trend.

Response of pressure-measuring systems. Of
major interest in many test installations is the response
of pressure-distribution systems to rapidly varying
pressures, both where these pressures must be accurately
measured and where unwanted oscillations must be fil-
tered out or eliminated. Technical Note 1819 presents
a method for calculating the response of pressure-
measuring systems to steady-state sinuosoidally varying
pressures. The pressure system is assumed to consist
of an inlet restriction, tubing length, and connected in-
strument volume. The material presented is limited
by the fact that no theoretical method of predicting
the attennation characteristics of the tubing is given.
This Iimitation is not severe, however, as these charac-
teristics may be experimentally determined for given
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tube sizes and pressure frequencies. Experimental
data for some sample systems tested are presented and
show good agreement with calculated values. The re-
sults are presented in such fashion that the qualitative
effect of varying the dimensions of system components
is apparent. It is therefare possible, once the attenua-
tion characteristics of the tube are determined, to design
a system with a required frequenhcy response.

SUBCOMMITTEE ON HIGH-SPEED
AERODYNAMICS

Airfoils and Wings at Transonic Speeds

The study of airfoils at high speeds has continued
to receive emphasis in the Comimnittee’s research pro-
grams. Several airfoil investigations were completed
in 1949. A static-pressure investigation of the two-
dimensional flow field in the neighborhood of two
NACA 6-series airfoils at high subsonic speeds was
conducted in the Langley rectangular high-speed tunnel
and is reported in Technical Note 1873. Pressure meas-
urements were made by means of a large number of ori-
fices in the model end plate which was fitted flush with
the tunnel wall. Reasonable agreement between theory
and experiment was obtained for Mach numbers up to
the critical values except at high angles of attack,

A two-dimensional pressure-distribution investiga-
tion of NACA 64,-012 and 64,A 012 airfoils was carried
out in the Langley rectangular high-speed tunnel {o
determine the effect of removing the cusp from the
trailing edge. A similar investigation on thinner sec-
tions was carried out in the Ames 1- by 8l4-foot high-
speed wind tunnel in which the NACA 64-010 and
64A010 airfoils were employed. A study was made in
the Langley rectangular high-speed tunnel of eight 6-
percent-thick airfoils incorporating sharp and round
leading edges. The aerodynamic characteristics of each
airfoil were determined from the pressure-distribution
data. A new gseries of airfoil sections, designated the
NACA 8-series, was designed to have favorable lift
characteristics at supercritical Mach numbers. Expec-
tations were confirmed by results of wind-tunnel inves-
tigation to the extent that little or no variation in lift
coefficient was found up to Mach numbers of about 0.9
at the constant design angle of attack. It wasnot found
possible, however, to improve the lift-curve slope or the
drag at supereritical speeds by use of these airfoils.

The linearized equations of compressible flow were
studied for the case of near-sonic speeds and results
were obtained for the time-dependent motion of two-
dimensional airfoils and for particular steady-state
three-dimensional lifting-surface problems at Mach
number 1. These results have been reported in Techni-
cal Note 1824. Studies in the Langley 18-foot high-
speed tunnel of the effects of compressibility on the

maximum lift characteristics of unswept wings have
been extended to include the effects of deflected split
flaps as reported in Technical Note 1759. The flaps
were shown to be effective in producing increases in
maximum lift at all speeds up to the maximum test value
(M=0.7). Although the flaps increased the values of
maximum lift over the test speed range, the trend of
maximum lift with the increasing Mach number was
similar to that previously shown for plain wings. Fur-
ther studies on other wings employing different airfoil
sections have been made to investigate the effect of air-
foil section on wing maximum lift characteristics (Tech-
nical Note 1877).

A systematic series of several unswept wings of vary-
ing aspect ratio has been investigated at large scales and
high subsonic Mach numbers in the Ames 16-foot high-
speed wind tunnel. A thin unswept wing of low aspect
ratio has been investigated at the .Ames Laboratory by
means of the NACA wing-flow method and the results
have been compared with wind-tunnel results and with
subsonic and supersonic wing theory.

The merits of the swept-wing plan form at transonic
speeds have been established qualitatively from both
theoretical and experimmental investigations. The full
exploitation of such plan forms, however, requires fur-
ther investigation. Several investigations were niade
during the past year which will add to the body of in-
formation required for proper design of such wings.
An investigation was conducted in the Ames 12-fool
low-turbulence pressure wind tunnel on a swept wing
having 37° sweepback of the leading edge. The aero-
dynamic characteristics and load distribution for this
wing were measured and compared with theoretical
estimates for Mach numbers up to 0.94 at constant
Reynolds numbers in the range from about 1,000,000 to
3,000,000. A theoretical method for defining eritical
flow conditions at high Mach numbers was found to be
in good agreement with experimental results and thus
to offer a satisfactory means by which the Mach number
for drag divergence could be estimated for this wing.
Further investigation is required to establish the degree
of applicability of the results to other swept wings and
to problems related to the effects of fuselage and na-
celle interference on such wings.

A coordinated research program to determine the
characteristics of a configuration incorporating a wing
of 63° sweepback has been continued. A model of this
configuration has been investigated over a wide range
of subsonic and supersonic Mach number in the Ames
1~ by 814-foot high-speed wind tunnel and another
model incorporating certain special featurcs designed
to improve its characteristics has been investigated at
relatively large scale and high subsonic Mach numbers
in the Ames 12-foot high-speed tunnel.
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A study was made 1 the Langley 8-foot high-speed
tunnel to determine the effects of the addition of a tri-
angular area ahead of the inboard part of a conven-
tional swepthack wing. The addition of this area
formed a wing with two stages of sweepback. Results
were obtained for a Mach number range of 0.40 to
about 0.94.

As part of a special research program recommended
by the Special Subcommittee on the Aerodynamic Prob-
lems of Transonic Aircraft Design, a systematic series
of wing-body combinations has been investigated in the
Langley high-speed T- by 10-foot tunnel over a Mach
number range of about 0.60 to 1.18, using the transonic-
bump test technique. Lift, drag, pitching moment,
root bending moment, and the effective downwash angles
and dynamic pressures in regions of possible t2il loca-
tions were measured.

The freely falling body technique continued to be
used during the past year to investigate the effects of
wing sweep, taper, and thickness ratio on the zero-lift
drag of a number of wing-body configurations in the
transonic speed range.

The triangular-wing plan form continues to be of in-
terest and several investigations have been condueted
in the past year at transonic speeds on such plan forms.

Two downwash investigations were made in connee-
tion with the NACA transonic research airplane pro-
gram. Caleulations were made to determine from lin-
earized theory the downwash at the tail of the X-1
airplane at supersonic speeds and the effect of the down-
wash on the elevator deflection required for trim. De-
tailed experimental measurements of downwash angle
were made in the Langley 8-foot high-speed tunnel for
a model of the D-558-1 airplane at high subsonic speeds.
Wings at Supersonic Speeds

The source-distribution method for analyzing the
steady flow over thin finite wings at supersonic speeds
has been extended in Technical Note 1699 to permit the
prediction of slowly varying, unsteady load distribu-
tions over finite wings. Similarly, the simplified method
of determining lift distribution for thin three-dimen-
sional wings of fairly general plan form has been ap-
plied to predict the load distributions for a wing in
steady roll and pitch (Technical Note 1689).

The explicit evaluation of the suction forces along
subsonic leading edges of a family of wings at super-
sonic speeds (Technical Note 1718) led to the conclu-
sion that higher lift-drag ratios may be obtained with
curved than with straight-line, plan-form boundaries.

A theoretical method was developed in Technical Note
1786 for obtaining the aerodynamic forces acting on
thin wings in an irrotational nonuniform supersonic
stream. In addition, the source-distribution method
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was applied to estimate the properties of a ring airfoil .
(Technical Note 1678).

The results of the linesrized theory for the loads on
thin wings at supersonic speeds have been compared
with experimental values obtained in the Lewis 18- by
18-inch supersonic tunnel at a dMach number of 1.9.
Other experiments are being conducted to check the

. accuracy of theoretical methods.

Experimental studieshave indicated that the optimum
airfoil shape for two-dimensional supersonic flow is not
necessarily that indicated from theoretical considera-
tions based on 2 nonviscous flow. .An investigation at
supersonic speeds in the Ames 1- by 3-foot supersonic
wind tunnels has indicated that principles other than
those heretofore considered may lead to airfoil sections
with improved characteristics.

An experimental investigation in the new Ames 6- by
6-foot supersonic wind tunnel was conducted to meas-
ure the load distribution over a 63° sweptback wing at
several supersonic speeds. This investigation was part
of the coordinated research program on this configura-
tion mentioned in the preceding section. Anotherstudy
of the same configuration to determine lift, drag, and
moment characteristics has been carried out in the Anies
1- by 3-foot supersonic wind tunnel at a AMach number
of 1.5.

An extensive investigation of triangular wings was
made in the Langley 9-inch supersonic tunnel. The
investigation included tests of 22 triangular wings of
2 airfoil sections and 11 apex angles at Mach numbers
of 1.6, 1.9, and 2.4. One series of 11 wings had double-
wedge sections and the other series had sections with
elliptical leading edges.

The downwash and wake behind unswept, swept, and
triangular wings have been measured at supersonic
speeds in the Ames 1- by 3-foot supersonic wind tunnel
No. 1. The results have been compared with available
Yinearized theory.

Bodies and Wing-Body Interference

Analyses are being conducted to determine the load
distributions and the aerodynamic characteristics of
arbitrary thin bodies at supersonic speeds. An approx-
imate method for obtaining the flow around thin arbi-
trary conical bodies at supersonic speed by the use of
linearized theory is reported in Technical Note 1659.
This method was extended to simplify the deseription
of angle-of-attack and yaw effects. Experimental re-
sults have been obtained on an elliptic cone in an inves-
tigation conducted to check this theory. A graphical
method was presented in Technical Note 1768 by which
the approximate pressure distribution on a slender ar-
bitrary body of revolution moving at supersonic speeds
may be calculated with appreciable saving of time.
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Experiments were conducted on an asymmetrical
nonconical body to determine pressure distributions on
a typical fuselage of a supersonic airplane. An attempt
to estimate the theoretical loads on this body led to the
discussion of three-dimensional characteristics pre-
sented in Technical Note 1849, In another investiga-
tion the method of characteristics was applied to the
determination of the exact nonviscous supersonic pres-
sure distribution around bodies of revolution at small
angles of attack. The system developed considers the
effect of the variation of entropy due to the curved
shock and is described along with two practical methods
for numerical calculation in Technical Note 1809.

An investigation was conducted in the new Langley
4- by 4-foot supersonic tunnel to determine the pressure
distribution over the fuselage of a supersonic airplane
model with and without canopies. Experimental re-
sults have been compared with theoretical calculations
and analytical procedures have been evolved for the
caleulation of canopy pressure distributions.

A method has been developed for evaluating from
shadow or schlieren photographs the pressure drag of
axially symmetric and two-dimensional bodies operat-
ing with detached shock. The method which is de-
scribed in Technical Note 1808 can be used also to
determine the external drag of supersonic inlets with
detached shocks and to evaluate the external shocks
of perforated inlets.

The pressure drags of a blunt-nose and sharp-nose
body were measured at transonic speeds by means of
the wing-flow method and the results compared.

Investigations of wing-body and wing-nacelle inter-
ference at supersonic and transonic speeds have been
conducted. Theoretical methods have been developed
for the prediction of the mutual interference between
a body and either a single wing or a cruciform wing at
supersonic speeds. Two reports have been published
(Technical Notes 1662 and 1897), giving the load dis-
tribution, lift, side force, pitching moment, and yawing
moment for configurations of the missile type.

An experimental investigation has been conducted to
study means for increasing the force-divergence Mach
number of swept-wing-body combinations. A method
for alleviating the adverse interference between swept
wing and body was tried which involved the contouring
of the fuselage sides to conform to the normal path of
the streamlines of a swept wing. Theoretical calcula-
tions of the contours required were discussed in a pre-
vious annual report. A second method involving modi-
fications to the wing-root section was also investigated
experimentally.

The effects of a nacelle on the aerodynamic character-
istics of a swept wing have been investigated in the
Langley 16-faot, high-speed tunnel up to Mach numbers
of 0.61 for the wing-nacelle combination and (.70 for

the wing alone. The results which are published in
Technical Note 1709 show that the presence of the

~nacelle had no effect on the lift-curve slope of the un-

swept wing, increased the lift-curve slope about 10 per-
cent with the wing swept back 45°, and deereased the
lift-curve slope slightly with the wing swept forward
45°, The presence of the nacelle did not appreciably
alter the stalling characteristics of the 45° sweptfor-
ward and sweptback wings but caused an appreciable
reduction in maximum lift for the wing in the unswept
position. The drag increment due to the nacelle was
generally lower for the swept configurations than for
the unswept case. Addition of the nacelle {o the wing
reduced the longitudinal stability of all the swept wings.

The external-store problem continues to be of impor-
tance. The rocket-propelled-model technique was uti-
lized to determine the drag increments at (ransonic
speeds due to the presence of strut-mounted wing tanks
of moderate fineness ratio on a sweptback wing.

SUBCOMMITTEE ON FLUID MECHANICS

Viscous Flows

A fundamental knowledge of boundary-layer ple-
nomena at high speeds has assumed increasing impor-
tance to the aerodynamicist. During the past year a
study was made of the behavior of the laminar bound-
ary layer in compressible flow, following procedures
evolved previously for the incompressible case; the re-
sults were reported in Technical Note 1805. Theoretical
considerafions indicate that with the usual assumptions
of boundary-layer theory the separation point of the
steady compressible laminar boundary layer is inde-
pendent of Reynolds number when the Mach number,
the gas properties, and the velocity and {emperature
profiles do notchange with Reynolds number. For the
same conditions the boundary-layer thiclmess is in-
versely proportional to the square root of the Reynolds
number.  Separation of the laminar boundary layer
occurs only when the static pressure along the surface
rises in the direction of the flow.

The flow over the blunt base of bodies and over blunt
trailing edges of wings is important from drag consid-
erationsin supersonic flow. Asa fundamental approach
to these problems an analytical study was made of the
phenomena of laminar mixing in a compressible fluid
and reported in Technical Note 1800. Detailed velocily
profiles were computed for free-stream Mach numbers
from 0 to 5.0. The effect of various assumptions for the
change of viscosity with absolute temperature was
considered.

The free turbulent mixing of & supersonic jet of Mach
number 1.6 has been experimentally investigated and the
results have been reported in Technical Note 1857. An
interferometer was used in the investigation to measure
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density and velocity distributions through the mixing
zone. Velocity distribution was found to be similar to
the distributions for incompressible jets only over the
subsonic part of the mixing region.

An investigation was undertaken to study certain in-
terference effects arising from tunnel-wall boundaries
in airfoil investigations at supersonic speeds. The re-
sults of the investigation indicate that for airfoil models
mounted from the wall of a supersonic tunnel large
pressure disturbances over parts of the model can result
from shock-wave propagation into the stream due to 2
thickened tunmel-wall boundary layer at the model
location.

Compressible Flows

The results of & study of the subsonic flow past an
infinitely long corrugated circular cylinder are pre-
sented in Technical Note 1850 to show the relation be-
tween two-dimensional and three-dimensional axisym-
metrical flow. A solution is obtained which contains
as limiting cases both the Prandtl-Glauert correction
for two-dimensional flow and the Gothert correction for
the flow past slender bodies of revolution. Included
also are velocity-correction formulas for a cylinder with
a single bump and for a corrugated cylinder in the
presence of walls.

In connection with the use of the hodograph method
of treating plane potential compressible fiows, various
hypergeometric functions that arise as particular solu-
tions of Chaplygin’s differential equation have been
tabulated in Technical Note 1716. These tables should
prove useful in the tabulation of other auxiliary func-
tions arising in various compressible-flow problems.

A number of investigations have been made by several
educational institutions, under contract to the NACA,
relative to the theory of compressible flows past two-
dimensional airfoils. Among these investigations was
astudy made at Harvard University of the supercritical
flow past an NACA 0012 airfoil (Technical Note 1746).
Relaxation methods were employed to caleulate the
pressure distribution, and the results were observed to
agree qualitatively quite well with experiment. In a
contract investigation by Brown University, reported
in Technical Note 1875, the application of the method
of operators to the study of two-dimensional compres-
sible flows was extended to the case of supersonic flow
patterns.

The analytical methods that appear to be best suited
for the treatment of two-dimensional supersonic flows
with detached shocks have been reviewed in Technical
Note 1858. A short discussion of the application of the
methods regarded as reliable in the transonic range is
included.

Interest has increased recently in the theory and
application of unsteady flows. Experimental measure-

ments and theoretical caleulations have been made for
unsteady flows in passages of constant cross-sectional
area. The flow considered included expansion zones,
discontinuous compression fronts, temperature contact
discontinuities, and reflections and interactions of these
quantities. Agreement of experimental pressure-time
measurements and discontinuity position and configura-
tion with the theory is very good.

An extended point-by-point method has been devel-
oped and described in Technical Note 1878 for the cal-
culation of unsteady flows through tubes with variable
cross sections containing strong shocks and large tem-
perature contact discontinuities. Calculations were
made of the flow pattern ereated by the bursting into a
vacuum of a diaphragm at the minimum section of a
supersonic nozzle.

Gas Dynamics

The extreme altitudes at which sounding rockets and
missiles operate have introduced a new field of funda-
mental aerodynamic research. At these altitudes the
air must be considered as composed of individual mole-
cules rather than as being a continuous medium. New
facilities have been put into operation for exploring the
phenomena encountered in very low density fiows. Dif-
ficult problems of technique have been encountered in
the design of these facilities and the greater part of the
effort to date has been concentrated on the development
of research methods. One example of these problems is
in the visualization of low-density flows. At very low
densities the schlieren technique for flow visualization
becomes impracticable or impossible. A new and prom-
ising method of flow visualization has been investigated
and reported in Technical Note 1900, in which the phe-
nomenon of afterglow was utilized.

A preliminary investigation of free-molecule flow
about transverse wires has been undertaken. Heat-
transfer and drag measurements have shown good
agreement with free-molecule theory.

Theoretical research on low-density flows has also
been conducted during the past year. Calculations have
been made using the methods of kinetic theory of the
temperature rise of uncooled flat plates traveling at
high speeds in the upper atmosphere. These calcula-
tions were reported in Technical Note 1682. A method
was derived in Technical Note 1821 by means of which
pressure measurements obtained behind an orifice on a
rapidly moving object may be used to determine the
ambient-air pressure. A comparison of the results ob-
tained by this method and that which considers the gas
to be a continuum shows the method based on the fluid
concept to be in error at altitudes which are attainable
with modern rockets.

An approximate method has been developed for the
extension of the properties of the incompressible lami-
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nar boundary layer on a flat plate into the slip-flow
region, using Karman’s momentum method. At equiv-
alent stations on the same body at the same Reynolds
number the total thickness and the skin friction of a
slipping boundary layer are less than those of the
normal boundary layer. The difference between the
slip and the normal boundary layer is small until slip
velocities at the wall become about one-third of the
free-stream velocity.

Very high supersonic wind-tunnel Mach numbers for
aerodynamic investigations are obtained by acceleration
of the air by means of a pressure difference so that the
random kinetic energy of the molecules is converted into
kinetic energy in the wind-tuinel test section. For very
high Mach numbers high stagnation temperatures and
pressures may be required which introduce effects of
vibrational heat capacity and of molecular forces and
size such that the perfect gas law and the assumption
of constant heat capacity may no longer be sufficiently
accurate. Iirrors in using the perfect gas law and the
assumption of constant heat capacity have been evalu-
ated. The variation of heat capacity is accounted for
by quantum mechanical considerations and the effects
of molecular forces and molecular size are accounted for
by use of van der Waals’ equation.

In the operation of supersonic wind tunnels in gen-
eral], the condensation of moisture in the air stream is an
important consideration because the formation of a con-
densation shock distorts and modifies the flow and
should therefore be avoided. A study has been made of
the limiting conditions under which a condensation
shock will form.

Aerodynamic Heating and Heat Transfer

Because of aerodynamic heating the operation of air-
craft at high speeds is dependent on the provision of
adequate insulation and cooling systems or on keeping
the time of high-speed flight short. Calculation of sur-
face temperatures and the design of coaling systems
are dependent on adequafe heat-transfer data and on 2
body of theory by which the data may be correlated and
application of the data extended. Experiments have
been conducted during the past year to determine heat-
transfer coeflicients at supersonic speeds. During the
course of this experimental work comparisons were
made with certain theoretical results which indicate a
stabilization of the laminar boundary layer when the
direction of the heat flow is from the boundary layer to
the surface.

Experimental results have indicated that heat-trans-
fer theories that assume a constant surface temperature
are in some respects inadequate. A general theory has
been developed by means of which temperature and
velocity profiles, heat transfer, and skin friction can be
calculated for laminar boundary layers on a two-dimen-~

sional or axially symmetric surface without pressure
gradient but with an arbitrary distribution of surface
temnperature.

A small supersonic wind tunnel designed expressly
for the investigation of heat transfer and related phe-
nomena has been placed in operation during the past
year. Thistunnel is ofthe variable-density type which
enables a large Reynolds number range to be obtained,
and has special provisions for assuring constant air
temperature and a low turbulence level. An investiga-
tion has been undertaken in which temperature-recovery
factors have been measured in the laminar, transition,
and turbulent boundary-layer regions of an insulated
flat-plate model.

An investigation was conducted at the Califurnia
Institute'of Technology, under contract with the NACA,
to study the flow and heat transfer in a heated turbulent
air jet. Measurements were made of the tolal pres-
sure and temperature fields in a round turbulent jet
with various initial temperatures, and the results have
been published in Technical Note 1865. One result was
that the jet spreads more rapidly as its density becomes
lower than that of the surrounding medium. Data on
shear stress and heat-transfer distributions were ob-
tained from these experiments.

SUBCOMMITTEE ON STABILITY AND
' CONTROL

Longitudinal Stability

To determine the static longitudinal stability char-
acteristics of complete models with swept wings af low
speeds, an investigation was conducted in the Langley
800-mph 7- by 10-foot wind tunnel. The longitudinal
stability characteristics with flaps deflected and re-
tracted were obtained for models having wings with
0°, 15°, 80°, and 45° of sweepforward and sweepback.
In addition, the effect of horizontal-tail location on the
longitudinal stability characteristics of a series of wing
and tail combinations was investigated. Similar (esls
were conducted at larger scale in the Langley 19-foot
pressure tunnel for a 42° and a 52° swepiback wing.
Results of these investigations were compared with
available theoretical and empirical methods for prediet-
ing longitudinal stability characteristics.

Downwash and dynamic-pressure characteristics be-
hind various swept wings have been investigated. The
results, including the aerodynamie-force characteristics
of the wings, have been reported in Technical Note
1708. It was found, for the range of configuration
investigated, that a low tail position provided {he most
satisfactory stability characteristics. The center line
of-the wake was found to be located in a higher posi-
tion for the sweptforward wings than for the swepthack
wings.
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Other investigations of wing wake have included
measurements of both downwash and sidewash behind a
42° sweptback wing and an analytical study of the walke
of a triangular wing. This Iatter research has been
reported in Technical Note 1808. A method previously
developed was applied to calculate downwash in both
vertical and horizontal planes of symmetry.

The effects of propeller operation on the static longi-
tudinal stability of single-engine tractor monoplanes
have been investigated at the Langley Laboratory and
a method has been developed for computing power-on
pitching moments. The results of these studies are
presented in Technical Note 1722. The method devel-
oped to compute the power-on pitching-moment curves
evolved from a study of results of 28 wind-tunnel pow-
ered-model investigations and permits predictions of
power-on longitudinal stability characteristics that are
in good agreement with experimental results.

The effects of tail length and tail volume on the lon-
gitudinal stability characteristics of a powered model
of a propeller-driven low-wing single-engine airplane
were investigated at the Langley Laboratory. The re-
sults, presented in Technical Note 1766, show that the
destabilizing shift in the neutral point caused by power
effects increases with increasing tail length or increasing
horizontal-tail area.

Severe diving tendencies experienced on straight-
wing conventional aircraft at supereritical speeds have
been investigated at the Ames Laboratory. These div-
ing tendencies have been attributed in a large part to the
increase in angle of attack required to maintain a con-
stant lift coefficient as the speed increases.

Tests at the Ames Laboratory of two airplanes em-
ploying different airfoil sections were conducted to de-
termine the effect of airfoil modifications on the longi-
tudinal stability characteristics at supercritical speeds.
Contributions of the various airplane components to
the static longitudinal stability of the airplanes were
determined.

For certain supersonic speed ranges, design studies
have indicated that a thin sharp-edged wing without
sweep would have better performance characteristics
than other wing arrangements. The Ames 12-foot low-
turbulence pressure wind tunnel has been used for
investigation of an airplane configuration utilizing a
wing of this type at high subsonic speeds. In addition
to basic studies of the wing and fuselage combination,
various locations of the horizontal tail were investi-
gated. The resultsindicate that, at Ieast for one general
arrangement, there are no erratic effects of compres-
sibility on the longitudinal characteristics of the model
up to the highest Mach number investigated. In addi-
tion, the effects of leading- and trailing-edge wing flaps
were investigated to determine the maximum lift char-
acteristics of the configuration.

Lateral and Directional Stability

Lateral- and directional-stability problems, like the
longitudinal-stability problems, have multiplied and
assumed new importance with the increases in aircraft
speeds and the resultant changes in configurations.

Investigations of complete model configurations have
included a low-speed study of the static lateral stability
characteristics of a 52° sweptback wing. This investi-
gation conducted in the Langley 19-foot pressure tunnel
was undertaken to study the effects of Reynolds number,
leading-edge flaps, and wing-fuselage combination on
the lateral stability characteristics. The static and
rolling stability characteristics of triangular-wing

models having various aspect ratios, airfoil sections,and
vertical-fin arrangements have also been mvestlgated at

the Langley Laboratory. The effects of tail length and
tail volume on the lateral stability characteristics of a
powered model of 2 single-engine propeller-driven low-
wing airplane have been reported in Technical Note
1766, previously mentioned. This report shows that
the increase in directional stability caused by power
becomes larger as the tail length is increased. The
results also show that the tendency toward rudder lock
decreases in the positive yaw range as the tail length
inereases, but is unaffected in the negative yaw range.

Calculations of Iateral-stability derivative were
made for a group of wing plan forms suitable for su-
personic flight. Technical Notes 1700 and 1850 present
the results for the rolling moment due to sideslip and
the yawing moment due to sideslip, respectively.

An investigation to determine the effects of thick-
ness on the lateral force and yawing moment of side-
slipping triangular wings was conducted at the Lang-
ley Laboratory. This investigation was based on
linearized supersonic-flow theory and the results are
presented in Technical Note 1798. 1In this investiga-
tion, it was found that the contribution of wing thick-
ness to the values of the lateral-force and yawing-
moment stability derivatives is small in comparison
with the effects to be expected from a vertical tail.
Howerver, for some designs, the contribution of wing
thickness to the yawing-moment derivatives can be ap-
preciable.

The effect of varying the yawing moment due to
rolling over a wide range of values on the lateral oscii-
Iatory stability characteristics of a typical swept-wing

fighter has been investigated. The airplane loading
conditions were also varied to simulate an airplane with

and without wing-tip fuel tanks. Results of this inves-
tigation, presented in Technical Note 1723, show that
inereasing the yawing moment due to rolling in & posi-
tive direction increases the damping of the short-period
oscillation. For any given value of yawing moment

due to rolling, the addition of the wing-tip tanks de-

creased the damping of the short-period mode.



16 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

A theoretical investigation was undertaken to de-
velop a simplified expression for the neutral-lateral-os-
cillatory-stability boundary. The results of this study
are reported in Technical Note 1727. The investigation
shows that, for particular combinations of the mass and
aerodynamic parameters, two neutral-oscillatory
boundaries exist, corresponding to the high- and low-
frequency modes of motion of the airplane. Simple
test functions were derived which, if satisfied, indicate
that these expressions may be used to approximate the
neutral-stability boundary. The results obtained by
the simplified expression are in good agreement with
the results of more exact calculations.

A study was made of the lateral oscillatory mode of
motion to determine a boundary which defines satisfac-
tory relationships between the period and damping of
this mode of motion for a given criterion. This analy-
sis reported in Technical Note 1859 resulted in the
development of a method which can define the relation-
ship between period and damping for a given set of
requirements. The report also presented a method by
which curves representing a constant rate of spiral
divergence may be constructed. The methods pre-
sented in this report are applicable to both lateral- and
longitudinal-stability analyses.

The effects of various design parameters on the lat-
eral-stability characteristics of a glider pulled by a
single towline were experimentally investigated in the
Langley free-flight tunnel. The effects of varying effec-
tive dihedral, directional stability, relative density, tow-
line-attachment location, and towline length were
determined from model flight tests. The results of this
investigation show that it is possible to obtain lateral
stability with a single towline. An approximate
theoretical analysis was also made and the results com-
pared with the model-flight-test results. The theory
predicted the existence of divergence and the periods
of lateral oscillations with fair accuracy although the
theoretical damping values were too conservative to be
of much practical value.

Rotary Stability Derivatives

Before calculations of the dynamic-stability char-
acteristics of an aircraft can be made, the rotary-sta-
bility derivatives of the design must be known. The
range of values of these derivatives and their relative
importance have been greatly affected by changes in
aircraft configuration. Research studies of these de-
rivatives (yawing, rolling, and pitching) have been
continued by the NACA laboratories with much of the
low-speed experimental work being conducted by the
use of the rolling and curved-flow facilities of the
Langley stability tunnel.

Rotary-derivative investigations in the Langley sta-
bility tunnel have covered pitching derivatives of

wings, effects of airfoil section on rolling and yawing
derivatives, effect of addition of wing-leading-edge
slats on the derivatives of swept and unswept wings,
and rolling stability derivatives of a series of thin
sweptback wings. The results of an experimental in-
vestigation of the effect of geometric dihedral on the
rolling stability derivatives are presented in Technical
Note 1732. A comparison of these data with current
methods of calculation indicates the effects of geometrice
dihedral can be predicted with fair accuracy.

Empirical corrections to the theoretical values of the
yawing moment resulting from rolling are presented in
Technical Note 1835. These corrections were developed
from experimental data and have been found to be gen-
erally reliable over a wide range of lift cocfficient.

A stability-tunnel investigation of the additional
spanwise wing loading caused by rolling has been re-
ported in Technical Note 1839. The wings investi-
gated covered a range of aspect ratio, sweep angle, and
taper ratio. These data can be used to determine the
damping-in-roll due to sideslip for wings with dihedral.
It has been found that the values of the derivative ob-
tained by applying the above data are more reliable
than values obtained by strip theory.

Several methods for predicting the damping-in-roll
of wings through the lift-coefficient range have been
investigated and are reported in Technical Note 1924,
One method, in which the damping-in-rell at zero lift
coefficient was modified only in accordance with varia-
tions in finite-span lift-curve slope, was found to be
almost as reliable as the complete method in which all
known factors are accounted for.

An analytical investigation was made to derive a
method for modifying existing correction factors for
lifting-surface theory to account upproximately for
the effects of sweep. These factors, reported in Tech-
nical Note 1862, have been applied to existing lifting-
line theories for damping-in-roll of swept wings. The
resulting formulas are simple and calculated results are
in good agreement with low-speed experimental data.
If the Glauert-Prandil transformafion is used, the
formulas are applicable to swept wings at speeds below
the critical.

Analytical investigations have been made of the ef-
fects of compressibility at subsonic speeds on the sta-
bility derivatives. Formulas based on semiempirical
concepts are given in Technical Note 1854 for making
compressibility corrections to the static and rotary
derivatives of wings.

To obtain damping-in-roll data at high speeds, an
investigation employing the free-roll technique was
conducted in the Langley high-speed 7- by 10-foot tun-
nel. The investigation covered a series of swepthack
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wings of various aspect ratios. Data were obtained for
Mach numbers up to about 0.91.

Further high-speed data on damping-in-roll charac-
teristics were obtained on a sweptback configuration
that was twisted linearly to represent the rolling wing.
Tests were made at Mach numbers between 0.6 and 1.15
in the Langley high-speed 7- by 10-foot tunnel using
the transonic-bump technique and at a Mach number
of 1.9 in the Langley 9- by 12-inch supersonic blow-
down tunnel. The effects on the damping-in-roll char-
acteristics of thickening the treiling edge of the aileron
were also determined.

The Langley stability analysis section has developed
theoretical values of the stability derivatives at super-
sonic speeds for thin, flat, rectangular wings without di-
hedral. The results of thisstudy are presented in Tech-
nical Note 1706. A linearized theory was used in this
study which presents the value of the derivatives for
steady and accelerated vertical and longitudinal mo-
tions and for steady rolling, yawing, sideslipping, and
pitching velocities. These data are limited to Mach
numbers and aspect ratios greater than those for which
the Mach Jine from the leading edge of the tip section
intersects the trailing edge of the opposite tip section.

An analysis of the stability derivatives for a series
of sweptback wings with sweepback and sweepforward
of the trailing edges has been made using the pressure-
distribution data presented in Technical Note 1572.
The derivatives were formulated for & range of angle
of attack, sideslip, vertical acceleration, pitching, roll-
ing, and yawing. The results of the investigation, pre-
sented in Technical Note 1761, are limited to Mach num-
bers for which the wing is wholly contained between the
Mach cones from the leading and trailing edges of the
center section of the wing. .

A theoreticel evaluation has also been made of the
lift and damping-in-roll of 2 series of thin sweptback
wings of arbitrary taper and sweep. This analysis is
presented in Technical Note 1860 and is based upon
linearized supersonic-flow theory. The results are valid
for a range of supersonic speed for which the wing is
wholly contained between the Mach cones from the
leading and trailing edges of the center section of the
wing. A series of design charts is presented which
permits rapid estimation of the lift-curve slope and
damping-in-roll derivatives.

A preliminary experimental investigation to deter-
mine the damping-in-roll of several rectangular and tri-
angular wings has been conducted in the Langley 9-inch
supersonic tunnel.

Controls
Considerable research is being undertaken on con-
trol problems because control characteristics, both

static and dynamie, are of great importance in aircraft
and missile design.

An analytical and experimental investigation of the
effect of plan-form changes on the lift and hinge-mo-
ment characteristics of control surfaces has been made
at the Ames Laboratory as a continuation of an exten-
sive control program. The systematic experimental re-
sults obtained in this investigation have been compared
with various theories for predicting lift and hinge-
moment parameters for the conventional and sweptback
plan forms investigated. This comparison indicated a
method of prediction sufficiently accurate for prelimi-

nary design purposes.

A flight investigation was conducted on an airplane

equipped with an all-movable horizontal tail having a
control system incorporating the combination of geared
unbalancing tabs and servotabs. The results of this in-

vestigation are reported in Technical Note 1763. The

basic system offered the possibility of having a constant
control-force gradient regardless of altitude or airplane
center-of-gravity position, but was found to be unsatis-
factory when rapid elevator deflections were required
because of light stick forces. Flights made with the
system modified to increase the stick force for rapid
control application (while maintaining low control
forces for gradual maneuvers), in conjunction with an
all-movable horizontal tail or a conventional elevator,
indicated that satisfactory stick-force gradients for any
maneuver were provided.

As part of the lateral-control program at the Ames
Laboratory, high-speed tests of lateral controls of a
swept wing with fencesto improve the low-speed stalling
characteristics indicated that the particular fences in-
vestigated will have no appreciable effect on the high-
speed control characteristics.

The lateral-control characteristics of several aileron
configurations investigated in the 300-mph 7- by 10-foot
tunnel at the Langley laboratory have been reported in
Technical Note 1788. This report presents the results

of the effects of varying trailing-edge angle and control |

span on the rolling effectiveness, lift effectiveness, and
control hinge moments. It was found that, for the thin-
ner trailing-edge angles, theoretical methods for pre-
dicting control effectiveness were satisfactory. How-
ever, the agreement between experiment and theory was
poor for the large trailing-edge angles. The effective-
ness of 20-percent-chord half-span ailerons and high-
lift and stall-control devices on three swept wings has
been investigated at high Reynolds number in the Lang-
ley 19-foot pressure tunnel. The effects of airfoil trail-
ing-edge shape on aileron effectiveness at high-subsonic
Mach numbers have been investigated in the Langley
8-foot high-speed tunnel. The results of this investiga-
tion are presented in Technical Note 1596. .
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Auxiliary types of lateral controls have been investi-
gated in the Langley 7- by 10-foot tunnel. One inves-
tigation included the study of segmented plug ailerons
extending from the 20-percent-span station to the 80-
percent-span stetion of a 42° sweptback wing. The seg-
ments were mounted normal to the free-stream flow.
The basic aileron and the aileron with several modifica-
tions were investigated for a range of spoiler projection
for various angles of attack. The plug aileron was also
tested in conjunction with a full-span slotted flap.

The results of the investigation of plug ailerons on a
thin low-drag straight wing in conjunction with a full-
span slotted flap are reported in Technical Note 1802.
The investigation, which covered the range of Mach
number from 0.13 to 0.61 indicated that the plug-aileron
configuration developed would be suitable for lateral
control in conjunction with full-span slotted flaps. The
effectiveness of the plug aileron increased with increas-
ing Mach number and Reynolds number. The variation
of rolling moment with aileron projection was fairly
linear. The rolling effectiveness was greater with the
flap deflected than with the flap retracted.

Another unswept wing with 15-percent-thick airfoil
sections was investigated with both plug and retractable
ailerons in conjunction with a full-span slotted flap.
The results of this investigation are presented in Tech-
nical Note 1872. The study indicates that large in-
creases in lift can be obtained by use of full-span slotted
flaps and that, in a certain deflection range, the flaps can
be used to advantage as a glide-path control. It was
found that the plug aileron was generally more effective
than the retractable aileron, but that both were effective
roll controls. The yawing moments produced by the
ailerons were generally favorable with the flap re-
tracted, becoming less favorable with increasing angle
of attack or flap deflection.

To investigate the low hinge-moment characteristics
of spoilers, tests were made of an unswept wing with
an aspect ratio of 3.

An investigation was made in the Langley two-dimen-
tional low-turbulence pressure tunnel to determine the
effectiveness of a lateral-control device for a wing
equipped with a full-span double-slotted flap. The rear
portion of the flap was hinged in the manner of a con-
ventional Frise aileron, and the lip of the double-slotted

flap acted as a slot-lip aileron. This study showed that -

the lift effectiveness of the slot-lip aileron increased with
increasing flap deflection. In general, the results in-
dicate that a slot-lip aileron can be combined with a
trailing-edge Frise aileron on a full-span double-slotted
flap to provide satisfactory lateral-control character-
isties with large flap deflections.

The Langley low-turbulence tunnel section also in-
vestigated a two-dimensional airfoil equipped with a

sealed internally balanced control surface in conjunc-
tion with a leading tab. Results of this study indicate
that the use of a leading tab will result in large incre-
ments in lift effectiveness for a range of tab-flap deflec-
tion ratio.

To permit the intelligent selection of aerodynamic
brakes, the drag characteristics of various brakes as
measured in flight-and in wind tunnels have been col-
lected and summarized. Calculation procedures and

graphs have been prepared that simplify the determina-

tion of the speed-altitude-time relationship for airplanes
equipped with aerodynamic brakes in various specified
maneuvers.

A wind-tunnel investigation was conducted in the
Langley 300-mph 7- by 10-foot tunnel to defermine the
characteristics of ailerons used as speed brakes or glide-
path controls. The tests were made on an NACA
65210 wing and an NACA 65,215 wing equipped with
full-span slotted flaps. Several plug-aileron and re-
tractable-aileron configurations were investigated at
Mach numbers between 0.13 and 0.71. The results in-
dicate that plug or retractable ailerons, either alone or
in conjunction with wing flaps, are very effective as
speed brakes or glide-path controls.

The effectiveness of the horn-balanced flap in reduc-
ing hinge moments at high-subsonic and transonic
speeds has been investigated, respectively, in the Lang-
ley high-speed 7- by 10-foot tunnel and by the wing-
flow method. The investigation in the 7- by 10-foot
tunnel was made with a 45° sweptback wing while the
wing-flow-method study employed a 85° sweptback
wing.

The effect of- trailing-edge thickness on the high-
subsonic and transonic characteristics of an aileron on
a 42.7° sweptback wing has been investigated in the
Langley high-speed 7- by 10-foot tunnel.

The transonic-bump technique has also heen used to
determine the lateral-control characteristics of 80-per-
cent-chord plain flaps of various spans. The wing used
in this study had 45° of sweepback and an aspect ratio
of 4. The rolling, pitching, and lift characteristics
attributable to control deflection were determined.

The influence of spanwise position and size of the aile-
rons on the control characteristics was investigated at
transonicspeeds. The investigation wasmade by means
of a coordinated study of wind-tunnel results (transonic
bump) and results obtained with free-flight rocket
models.

General investigations of the effectiveness of wing
controls have been continued by the use of simple rocket-
propelled free-flight models with the object of develop-
ing controls satisfactory for flight at transonic and
supersonic speeds. The data were obtzined af almost
full-scale Reynolds numbers. As part of the investi-
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gations, the rolling effectiveness of simple trailing-edge
ailerons, in conjunction with a series of wings differing
in sweep and airfoil section, was determined.

One type of wing currently believed suitable for

flight at supersonic speeds is the thin unswept wing of

moderate aspect ratio. Accordingly, a rocket-pro-
pelled-model investigation of the rolling effectiveness
of a typical wing of this type having outboard trailing-
edge ailerons has been undertaken.

To obtain the supersonic control characteristics of
wing-body combinations, two wings of different plan
form were tested as all-movable surfaces and as fixed
surfaces in the presence of a half fuselage at a Mach
number of 1.9 in the Langley 9- by 12-inch supersonic
blow-down tunnel. One wing had a triangular plan
form with 60° leading-edge sweep and the other a rec-
tangular plan form modified by an Ackeret type tip.

A hinge-moment investigation was conducted in the
Langley 9-inch supersonic tunnel to determine the feasi-
bility of interconnecting leading- and trailing-edge
flaps for the purpose of reducing control hinge
moments.

Experimental research on the effectiveness of con-
trols at transonic and supersonic speeds has shown that
the thickness ratio of both airfoil and control surface
has important effects on control power. A study was
conducted to determine the effect of thickness ratio on
control effectiveness. Results of this study are present-
ed in Technical Note 1708. The method developed em-
ployed the Busemann third-order approximation for
two-dimensional isentropic flow (which incorporates
the effects of thickmess) with three-dimensional solu-
tions found by the use of linearized theory.

Other investigations have emphasized that, particu-
larly at supersonic speeds, large twisting moments are
imposed on a wing by deflection of a trailing-edge eon-
trol. Hence, the torsional stiffness required of super-
sonic wings to prevent aileron reversal is much greater
than that required of subsonic wings. A study of wing
twisting moment imposed by trailing-edge ailerons on
unswept and untapered wings—and the resulting wing
twisting and accompanying loss of rolling effective-
ness—has been theoretically treated for the supersonie
case and the results have been reported in Technical
Note 1769. The results of an analysis on tapered un-
swept wings are presented in Technical Note 1890.

A study was made to determine the possibility of uti-
lizing the principle of a sealed internal-control-surface
balance as a means of reducing control-surface hinge
moments at subsonic and supersonic speeds.

Automatic Control
Research on automatic controls has been greatly ex-
panded—not only because of the increased interest in

the field of guided missiles but also because of the in-
terest in automatic-control applications to airplanes.
Studies of some current and projected airplane designs
indicate that their flying qualities can be improved
through the use of automatic devices. '

As part of an investigation of control systems for

target-seeking missiles, a study has been made in the
Langley free-flight tunnel to determine the automatic
lateral stability of a flying model equipped with a gyro
stabilizing wnit which applied control in response to
bank and yaw. Freeflight tests were made with a
flicker-type control system installed in the model and
with this system modified to produce a hunting control
which effectively gave proportional response. The

effects of varying the cant angle and rudder deflec-

tions were investigated.

The normally small-size, high-velocity, and high-
maneuverability requirements of guided missiles neces-
sitate automatic stabilization systems possessing ex-
ceedingly rapid response characteristics. The Langley
Laboratory is studying the factors limiting the response
of basic types of automatic stabilization systems and the
relevant aerodynamic characteristics of automatically
stabilized missiles in an endeavor to achieve the neces-
sary response characteristics. In consequence, an analy-
sis and a ground investigation of an automatic stabili-
zation system were undertaken. These studies included
a general analysis of a system incorporating both dis-
placement- and rate-sensitive gyroscopes. From the
data obtained, design charts have been prepared which
permit the rapid determination of the stabilization
characteristics that may be expected from this system.

The Langley stability analysis section has made a
theoretical investigation to determine the effect of auto-
matic stabilization on the lateral oscillatory stability of
g hypothetical airplane at supersonic speeds. The in-
vestigation included consideration of the effectiveness
of an automatic pilot sensitive to a displacement in
either yaw or roll and of an automatic pilot sensitive
to either the yawing or rolling angular velocity. The
calculations assumed an idealized control system with-
out lag. The results of the investigation, presented in
Technical Note 1818, indicated that, whereas all the
automatic pilots improved the stability of the short-
period oscillations, the greatest improvement was ob-
tained for an automatic pilot sensitive to the yawing
angular velocity and geared to the rudder so that rudder
control is applied in proportion to the angular velocity.
Flying Qualities

The increases in speed of flight, made possible by
recent power-plant developments, have dictated radieal
changes in aerodynamic design which, in conjunction
with the mass characteristics of current and proposed
aireraft, have necessitated extensive studies of the
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dynamic handling- or flying-quality characteristics of
these designs.

The effect of variation of the aerodynamic character-
istics on the dynamic lateral stability characteristics of
an airplane in flight has been investigated at the Ames
Laboratory. A method of automatically varying the
static Jateral stability derivatives in flight was devised
to isolate the effects of changes in the derivatives from
those resulting from other influences—such as air gusti-
ness and piloting technique. The results of flight tests
made with the automatic equipment installed have dem-
onstrated the practicability of the system (Technical
Note 1788). This method of varying the aerodynamic
derivatives appears to offer great promise, both as a
means for determining the optimum stability charac-
teristics desired by pilots and also as a method for
improving the stability characteristics of existing
airplanes. -

Flight tests of an airplane having a 35° sweptback
wing have been completed. The results of the investi-
gation are reported in Technical Note 1743, which pre-
gents the lateral and directional stability and control
characteristics of the airplane with and without an
80-percent-span slot and with and without a ventral fin.
This flight investigation showed that the directional
stability of the airplane was positive in all conditions
but was reduced to an undesirably low value at high lift
coefficients with the ventral fin removed. The pilot
considered a slight negative dihedral effect, present at
low lift-coeflicients, more objectionable than a high posi-
tive dihedral effect present at high 1ift coefficients. The
longitudinal stability with an 80-percent-span slot on

the wing and with the flaps neutral was high throughout.

the speed range. 'With the flaps down, the longitudinal
stability became neutral or slightly negative near the
stall. The stalling characteristics of the airplane were
considered good when the 80-percent-span slots were
used.

The Langley pilotless aircraft research division—
using rocket-propelled models in free flight—has ob-
tained extensive aerodynamic and flying-quality data
for a tailless triangular-wing airplane.

At present, flying-quality characteristics can be gen-
erally compared with specific quantitative requirements
except for stall warning and the behavior of the airplane
in the complete stall. Inorder to provide a preliminary
bagis for a quantitative evaluation of the stall-warning
characteristics of an airplane, a study has been made at
the Ames Laboratory correlating pilots’ opinions of
stall-warning properties of 16 airplanes with a number
of the quantitative factors producing the warning.
The results of this study, reported in Technical Note
1868, indicate the quantitative ranges over which satis-
factory stall warning occurs for preliminary rolling
motion, buffeting, and rearward travel of the control

stick. It was found that the degree of buffeting and
rearward movement of the control stick considered
satisfactory as a stall warning was influenced by the
magnitude of the rolling velocity in the complete stall.

Spinning

As have many of the other design factors, spinning
characteristics of aireraft have been affected by chang-
ing serodynamic and mass characteristics. Investiga-
tions of spinning problems have been conducted for the
most purt in the NACA free-spinning tunnel at the
Langley Laboratory.

The results of an analysis of antispin fillefs are pre-
sented in Technical Note 1779. It was found that action
of the fillets is such as to increase the damping effec-
tiveness of the fuselage area below the fillets, thus tend-
ing to prevent spin. An investigation of dorsal fins, in
conjunction with this project, shows that the dorsal fins
investigated had little effect on the spin and recovery
characteristics. An investigation of the effect of tail
length on spin-recovery characteristics was completed
and the results of the investigation were presented in
Technical Note 1764. It was found that a model with a
long tail length had better recovery characteristics than
a model with a short tail length where the models had
comparable values of tail-damping power factor or even
when the damping factor for the short-tail model was
greater.

The spinning characteristics of a twin-tail, low-wing
personal airplane were investigated. Results of this
investigation (Technical Note 1801) indicated that
when the rudders and ailerons were interconneeled full
deflection of the controls against a spin would result in
satisfactory recovery. The results also indicate that
when an independent rudder-aileron system is em-
ployed—with the up-aileron movement limited to a very
small deflection and a rudder deflection which main-
tained the outboard rudder near neutral—the model
would be incapable of spinning.

As in previous years, spin-recovery investigations
have been conducted for a number of military-airplane
design configurations.

In connection with spinning studies several emer-
gency recovery devices have been investigated. The re-
sults of an investigation made with a dynamic model
having a reaction rocket attached to the inboard wing
tip and fired rearward to provide a yawing moment
against the spin are presented in Technical Note 1800.
Spins were terminated rapidly, indicating that a prop-
erly selected jet-reaction device is an effective method
of spin recovery in an emergency.

Results of tests of spin-recovery parachutes have been
reported in Technical Note 1869. These data indicate
that parachute-opening characteristics are improved by
increasing relative shroud-line length, tacking of “float-
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ing’” hem lines to prevent pulling out under load, or

prov1d1ng a strip of low-porosity fabric around the'

canopy in the area immediately above the hem line.
These design alterations did not affect the drag charac-
teristics of the parachutes appreciably, although the
strip of low-porosity fabrie just above the hem line had
a slight adverse effect on their stability characteristics.
It is indicated that for a given parachute increased air-
speeds generally impair opening characteristics, de-
crease the drag coefficient, and improve stability.

A method for estimating the diameter of the spin-
recovery parachute has been devised. Correlation with
test data indicates that the method will provide satis-
factory estimations of the minimum-size parachute re-
quired. A method for determining spproximate shock
load associated with rapid opening of the parachute has
also been developed.

Specific Design Studies

In addition to the many generalized studies of sta-
bility and control undertaken at the laboratories, spe-
cific studies of component parts or complete configura-
tions of currently interesting designs were made. Pilot-
less and piloted aircraft and special research designs
have been included in these studies. These investiga-
tions have provided important design information, as
well as useful research data.

The NACA, in cooperation with the United States
Air Force and the Bureau of Aeronautics, Department
of the Navy, continued transonic-flight investigations
of full-scale aircraft at the Muroc Air Force Base. The
X-1 and D-558-11 airplanes were flown repeatedly at
supersonic speeds, and a large number of successful
flights were made with other research airplanes. These
investigations have extended the knowledge of phenom-
ena encountered in the high-subsonie, transonic, and
low-supersonic flight regimes and have contributed to
the correlation of aerodynamic data obtained through
the use of other research techniques.

During the past year, the longitudinal stability of
the D-558-1 airplane in accelerated flight has been in-
vestigated and the buffet boundary has been determined.
The dynamic lateral stability and the approach and
landing cheracteristics of the airplane have also under-
gone investigation.

Measurement of the general aerodynamic character-
istics and aileron effectiveness of the X~1 airplane was
continued. Data have also been obtained for rudder-
fixed aileron rolls, during glides, at high Mach num-
bers. Some of the longitudinal stability and control
characteristics of the X~1 airplane configuration were
determined also by the free-fall-model technique. In
this investigation, the elevator was automatically con-
trolled so that it produced a constant value of normal
acceleration throughout the speed range of the drop.

As one phass of the research-airplane program, a
series of wind-tunnel tests was made of a scale model
of a high-speed airplane to determine the static lateral
and longitudinal stability characteristics at low- and
high-subsonic Mach numbers. The study included
measurements of the effectiveness of wing flaps, hori-
zontal tail, and ailerons as well as measurements of the
forces and moments acting on wing-tip ram jets and
aumhary fuel tanks. Pressure distributions on the
wing and fuselage were also obtained.

A lIow-speed investigation was made in the Langley
300-mph 7- by 10-foot tunnel of a scale model of an
airplane having a 88.7° sweptback wing and conven-
tional tail surfaces. The investigation—the results of
which are presented in Technical Note 1742—was con-
ducted with several wing-leading-edge and tail configu-
rations to determine the low-speed stability and control
characteristics. A good correlation of wing-fuselage
interference effect on effective dihedral was obtained
between data for the test model and other American and
German data.

‘Using rocket-propelled models in free flight, the
pilotless aircraft research division of the Langley Labo-
ratory conducted tests on a supersonic airplane con-
figuration at speeds varying from subsonie to low super-
sonic. These tests were made to determine the general
aerodynamic characteristics and stability and control
characteristics of the airplane configuration. A simi-
lar model was tested by the wing-flow method at the
Langley Laboratory to determine the longitudinal sta-
bility and control characteristics at transonic speeds.

An investigation of a semispan model of a tailless-
airplane design was conducted in the high-speed 7- by
10-foot wind tunnel at the Langley Laboratory. The
results were compared with the results of sting-mounted
complete-mode} tests and the results of semispan-model
tests (wing-flow method), thus providing a check on the
various techniques.

An analysis of the estimated flying qualities of a tail-
less airplane, having a 35° sweptback wing, over a
high-subsonic speed range has been made at the Lang-
ley Laboratory. This laboratory has also investigated
the stability and control characteristics of a scale model
of a tailless glider having a 43° sweptback wing.

The Langley Laboratory has conducted investiga-
tions on several unconventional aircraft configurations.
One investigation was concerned with the flight char-
acteristics of a canard configuration (tail first) at
transonic and supersonic speeds. Another investiga-
tion was concerned with the determination of the static
longitudinal stability and control characteristics of a
model of a convertible-type airplane with rigid and
articulated propellers.

Investigations of triangular wings have shown this

perticular plan form to have certain serodynamic ad-
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vantages. Studies of the dynamic lateral stability
characteristics of a specific airplane configuration em-
ploying a triangular wing were made. These studies
included determination of the neutral-lateral-oscilla-
tory-stability boundary, the period and time to damp
to one-half amplitude of the lateral oscillation, and the
time to damp to one-half amplitude for the spiral mode
for a range of lift coeflicient and altitude.

SUBCOMMITTEE ON INTERNAL FLOW

Efficient handling of the large volumes of air re-
quired by aircraft employing turboprop, turbojet, ram-
jet, or related propulsion systems is a prime considera-
tion in efficient aircraft design. To aid in maintaining
an effective internal-flow research program, the Sub-
committee on Internal Flow has constantly reviewed
the problems in this field., Some of the recent activity
of the laboratories of the NACA and pertinent results
of investigations, in the field of internal flow, follow.

Air Inlets

Work has been under way at both the Langley and
Ames Laboratories to supply design data for air in-
takes suitable for the turbine-propeller type of power-
plant installation. In recent studies of cowlinlets with
propellers operating, the effects of propeller-shank
design on inlet-pressure recovery were investigated.
In connection with this study a method was developed
whereby the flow fields of cowling and cowling-spinner
combinations can be calculated from surface pressure
distributions.

The Ames Laboratory has studied the effects of a
propeller on the characteristics of submerged inlets for
a typical gas-turbine-powered airplane. With the pro-
peller providing no thrust, there was a loss of ram-
pressure recovery that varied with the blade angle and
angle of attack, but was relatively unaffected by varia-
tions of inlet-velocity ratio. As the thrust coefficient
was increased, the ram-recovery ratio increased and
eventually exceeded that obtained with the propeller
removed.

Research on air inlets at high-subsonic and transonie
speeds has been receiving greater emphasis because of
the growing need for such data. The Langley Labora-
tory recently completed tests of a selected group of
NACA 1-series nose inlets operating in the transonic
speed range. It was the purpose of this project to show
the degree to which critical Mach number can be esti-
mated from low-speed pressure distribution.

In the supersonic range, theoretical and experimental
investigations have been made of conical inlets having
central bodies. Inlet configurations giving the best
relation between pressure recovery and external drag
were determined for the range of conditions investi-
gated. Data obtained from this investigation have

made it possible to devise a method for the estimation
of the drag ahd pressure recovery.

Because of the interest-of designers in leading-edge
air inlets on swept wings, the Ames Laboratory has
investigated this type of inlet for a wide range of inlet
velocity.  Pressure-distribution, ram-pressure-recov-
ery, and wake-survey data have been obtained. The
ducted section of the wing was designed by the applica-
tion of an analytical method developed for leading-
edge inlets on unswept wings. It was found from these
tests that thin duct lips were susceptible to laminar
separation near the leading edge, resulting in high see-
tion drag,.

The installation of electronic devices, armament,
and other equipment in nose sections of aireraft limits
the use of simple nose inlets. Thus, side inlets are of
considerable interest. In some instances side-inlet in-
stallations permit attainment of low duct losses because
of the short duct lengths used. Iu order to realize fur-
ther gains in inlet-diffuser-duct efficiency, the Ames
Laboratory has been working on a submerged inlet with
a cascade of airfoils to diffuse and at the same time turn
the air into the engine settling chamber. The results
indicate that at least for large air deflections the caseade
inlet has relatively good pressure recovery.

Boundary-layer control has been another means of
increasing the performante of air inlets. Work at the
Ames Laboratory on submerged side inlets with bound-
ary-layer control has shown that an improvement in
ram-pressure recovery can be realized, especially at
low mass-flow ratios. It also appears that the stability
characteristics of submerged twin inlets can be im-
proved by tlhe use of boundary-layer control, The
quantity of boundary layer removed and {hus the ex-
penditure of power for this removal were found to be
relatively small.

Other submerged-inlet configurations investigated
were a parallel-walled inlet and an inlet with diverging
ramp walls. These studies indicate that diverging the
inlet ramp walls effectively extends the satisfactory op-
erating limit of the submerged inlet to higher Mach
numbers. The superiority of the divergent-walled in-
let is attributed to the ramp boundary-layer character-
istics associated with this configuration. The most
promising of-the submerged-inlet configurations are
being studied at transonic speeds.

A study at large scale of submerged side inlets has
continued in the 10- by 80-foot wind tunnel at the Ames
Laboratory. The effects of sideslip on the efficiency of
both single- and twin-inlet systems and the effects of
mass-flow ratio on the stability of twin-inlet systems
have been investigated. It was found that the recovery
characteristics of either the single or twin inlet are rela-
tively insensitive to small angles of sideslip. A well-
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defined region of unstable flow and of reversed flow was
encountered with the twin-inlet system at low mass-
flow ratios. Studies to explain and clarify the cause of
this flow instability and reversal have also been com-
pleted.

Continued research in the Ames 8- by 8-inch super-
sonic wind tunnel has shown that, at Mach numbers less
than 1.8, extended side inlets can attain a total pressure
recovery comparable with that of a nose inlet.

Ducts and Duct Elements

Air-handling components other than the air inlet
have received detailed consideration. Two annular dif-
fusers of different conical expansion angles but con-
stant outer diameters have been investigated with rotat-
ing flow behind an axial fan at the Langley Laboratory.
The performance characteristics of the diffusers were
determined and the rotational-kinetic-energy effects on
the over-all energy transformation were observed over
a range of inlet Mach number and angle of flow. These
results have been reported and show that a wide range
of flow distribution is encountered as a result of changes
in operating conditions. The over-all performance of
an 8° diffuser was shown to be appreciably better than
that of a 16° diffuser under comparable conditions.
Sharp reductions in efficiency were recorded in both dif-
fusers at the maximum values of stream rotation.

Further research on ducts in the 8- by 8-inch super-
sonic wind tunnel at the Ames Laboratory has shown
that in supersonic flight, where the flow velocities in air
inlets are relatively high, the design of the subsonic dif-
fuser behind the inlet requires particular care. A duct
shape that minimizes the adverse pressure gradient im-
posed upon the boundary layer produces a considerable
Improvement In pressire recovery.

A study of screens in wide-angle diffusers was made
at the National Bureau of Standards under an NACA
contract to determine the effect of screens on flow sepa-
ration and flow turbulence. This study reported in
Technical Note 1610 shows that screens can prevent sep-
aration and restore separated flow. The mechanism of
the flow as affected by the screens is also discussed in
the report.

Results of a study of friction coefficients in the inlet
length of smooth round tubes conducted at the Massa-
chusetts Institute of Technology under an NACA con-
tract are reported in Technical Note 1785. The experi-
mental results of this study are compared with theory.
As a result of the study, an approximate method was
developed for predicting the discharge coefficient of
rounded-entrance flow nozzles.

Jet Exit Studies
Studies of exit influences on both the internal and

external air-flow characteristies of aireraft are assum-
ing greater importance with increasing flight speeds.

An investigation is being made at the Ames Labora-

tory of the effect of various asymmetrical exits on the
direction of the jet reaction. The jet being studied is-
sues from the end of a streamlined body. For the in-
vestigation jet-exit, cut-off angle was varied from 0° to
75°, the jet-exit velocity ratio (jet velocity to free-
stream velocity) was varied from 0 to 4.0, and the maxi-
mum Mach number of the jet at the exit was 0.80. The
investigation indicated that angularity of the pipe cut-
off does not affect the direction of the jet reaction, but
may have appreciable effects on the stability character-
istics of an airplane if the mixing area of the jet in-
fluences the air flow about the controls or stabilizing
surfaces.

Alr ejectors for pumping cooling air for jet engines
are coming into general use. Ejector studies have con-
tinued at the Lewis Laboratory with emphasis on theory
of operation and performance. An investigation of the
effect of operating temperature on ejector-pump per-
formance and an analysis of ejector thrust by integra-
tion of surface pressures have been completed.

SUBCOMMITTEE ON PROPELLERS FOR
AIRCRAFT

During the past year, research efforts have been ex-
tended to improve the performance of propellers at
high speeds. To this end, conside